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(57) ABSTRACT 

A hologram recording and reproducing apparatus minimizes 
reproduction errors by servo control on the tilting of a refer 
ence beam relative to a hologram recording medium. The 
apparatus includes an optical detector for servo control and an 
optical sensor for reproduction signal conversion. A pixel 
pattern generator generates, on a wave surface of the record 
ing beam, a discretely distributed recording pixel pattern 
corresponding to the information to be recorded, and a spe 
ci?cally shaped and localiZed servo pixel pattern for the servo 
control. A beam splitter splits the re?ected beam from the 
hologram recording medium into a reproduction beam 
directed to the optical detector for reproduction signal con 
version and a servo beam directed to the optical detector for 
servo control. A servo controller controls the tilting of the 
reference beam relative to the hologram recording medium, 
based on an output signal from the servo control optical 
detector. 

8 Claims, 8 Drawing Sheets 
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HOLOGRAM RECORDING AND 
REPRODUCING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a hologram recording and 

reproducing apparatus for recording a hologram in a holo 
gram recording medium and reproducing the information 
recorded in the hologram. 

2. Description of the Related Art 
A conventional hologram recording and reproducing appa 

ratus is disclosed in JP-A-H09-305978, for example. The 
hologram recording and reproducing apparatus splits a laser 
beam emitted by a laser source into a recording beam and a 
reference beam, and irradiates a rotating disk, Which serves as 
the hologram recording medium, With the recording beam 
and the reference beam superposed on each other. The record 
ing beam includes a discretely distributed pixel pattern 
formed on the Wave surface through optical modulation based 
on the recorded information, and such recording beam inter 
feres With the reference beam so that the hologram is recorded 
on the rotating disk. When reproducing the recorded infor 
mation based on the hologram, the reference beam is emitted 
onto the rotating disk, so that an optical detector for conver 
sion of a reproduction signal detects a re?ected beam from the 
rotating disk. The optical detector detects the re?ected beam 
containing the same pixel pattern as that of the recording 
beam, to thereby reproduce the recorded information. 

The rotating disk, Which serves as the hologram recording 
medium, includes an embossed pit formed in advance along 
the track. The hologram recording and reproducing apparatus 
splits a light corresponding to the embossed pit as a servo 
light out of the re?ectedbeam, and detects the servo light With 
a tetramerous optical detector for servo control. Thus, the 
hologram recording and reproducing apparatus controls the 
track and the focus With the embossed pit, so as to accurately 
irradiate the rotating disk With the reference beam, to thereby 
record and reproduce the hologram. 

Patent Document 1: JP-A-H09-305978 
In the conventional hologram recording and reproducing 

apparatus, hoWever, the reference beam may be emitted onto 
the rotating disk at different angles (tilted), betWeen the irra 
diation for recording and the irradiation for reproduction. 
When such a tilt is incurred, the hologram recording and 
reproducing apparatus cannot secure a su?icient amount of 
re?ected beam for reproduction, and hence fails to obtain the 
re?ected beam With the accurate pixel pattern and to properly 
reproduce the recorded information, thus resulting in a repro 
duction error. 

SUMMARY OF THE INVENTION 

The present invention has been conceived in vieW of the 
foregoing situation, With an object to provide a hologram 
recording and reproducing apparatus that performs servo 
control on the tilt of the reference beam With respect to the 
hologram recording medium, so as to minimiZe the reproduc 
tion error. 

To achieve the foregoing object, the present invention pro 
vides the folloWing technical solution. 

The present invention provides a hologram recording and 
reproducing apparatus con?gured to function in the folloWing 
manner. First, coherent light is emitted by a light source and 
this light is split into a recording beam and a reference beam. 
These beams are superposed on each other for recording a 
hologram on a hologram recording medium. Thereafter, 
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2 
When the recorded information is to be reproduced, the holo 
gram recording medium is irradiated With the reference beam 
under servo control for correcting the irradiation status. The 
re?ected beam from the hologram recording medium is 
detected With an optical detector for conversion of a repro 
duction signal. According to the present invention, the holo 
gram recording and reproducing apparatus comprises an opti 
cal detector for servo control provided apart from the optical 
sensor for conversion of a reproduction signal; and a pixel 
pattern generator that generates a recording pixel pattern and 
a servo pixel pattern on a Wave surface of the recording beam 
When recording the hologram on the hologram recording 
medium. The recording pixel pattern is discretely distributed 
and corresponding to information to be recorded, While the 
servo pixel pattern has a predetermined con?guration and 
position for servo control. Further, the apparatus of the 
present invention comprises a re?ected beam splitter and a 
servo controller. The beam splitter splits the re?ected beam 
from the hologram recording medium into a reproduction 
beam and a servo beam. The reproduction beam is directed to 
the optical detector for reproduction signal conversion to 
reproduce the recording pixel pattern, While the servo beam is 
directed to the optical detector for servo control to reproduce 
the servo pixel pattern. The servo controller controls the tilt 
ing status of the reference beam With respect to the hologram 
recording medium, and this control is performed based on an 
output signal from the optical detector for servo control. 
The apparatus of the present invention detects a servo beam 

corresponding to the servo pixel pattern formed in the record 
ing process, and corrects, upon reproduction of the recorded 
information, the tilting status of the reference beam With 
respect to the hologram recording medium based on the servo 
beam. Such con?guration permits detecting the re?ected 
beam containing the correct recording pixel pattern With a 
suf?cient light amount in the reproduction process, Which is 
advantageous to eliminating a reproduction error originating 
from the tilt. 

Preferably, the hologram recording medium may be a rotat 
ing disk to be rotated, and the servo pixel pattern may include 
at least one of a ?rst segment and paired second segments, 
Where the ?rst segment is of a stripe pattern extending in a 
direction of the disk rotation in a central region of the Wave 
surface, While the paired second segments are spaced from 
each other across the ?rst segment so as to occupy a periph 
eral region of the Wave surface. The recording pixel pattern 
may be formed in a remaining region on the Wave surface 
Where the servo pixel pattern is absent. 

Preferably, the optical detector for servo control may 
include a pair of ?rst split photodetectors for splitting the light 
corresponding to the ?rst segment split into tWo portions and 
respectively receiving the split light. Further, the servo con 
troller may detect the tilt of the reference beam With respect to 
the hologram recording medium about an axis along a radial 
direction of the disk, Where this detection of the tilt is based on 
the difference in amount of the light received by the ?rst split 
photodetectors. 

Preferably, the servo controller may compare a total 
amount of the light received by the ?rst split photodetectors 
With a predetermined reference value, so as to decide a repro 
duction error based on the comparison result. 

Preferably, the optical detector for servo control may 
include a pair of second split photodetectors for splitting the 
light corresponding to the second segments into tWo portions 
and respectively receiving the split light. The servo controller 
may detect the tilt of the reference beam With respect to the 
hologram recording medium about an axis along a rotating 
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direction of the disk, based on the difference in amount of the 
light received by the second split photodetectors. 

In still another exemplary embodiment, the pixel pattern 
generator may generate a con?rming pixel pattern on the 
Wave surface of the recording beam for examining the record 
ing status, in addition to the recording pixel pattern and the 
servo pixel pattern. The optical detector for servo control may 
include a third split photodetector for splitting and receiving 
a light corresponding to the con?rming pixel pattern. The 
servo controller may decide a recording error based on a 

detection signal from the third split photodetector. 
Preferably, the hologram recording medium may be a rotat 

ing disk including a re?ection Zone formed along the track, 
and the optical detector for servo control may include a fourth 
split photodetector for splitting the light re?ected by the 
re?ection Zone into four portions and receiving the split light. 
The servo controller may execute a track control and a focus 
control based on a detection signal from the fourth split pho 
todetector. 

Preferably, the hologram recording and reproducing appa 
ratus may further comprise a polariZer that polariZes the light 
corresponding to the recording pixel pattern and the light 
corresponding to the servo pixel pattern, in a mutually per 
pendicular direction. 

Other features and advantages of the present invention Will 
become more apparent through the detailed description given 
beloW referring to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram shoWing an overall con?gu 
ration of a hologram recording and reproducing apparatus 
according to an embodiment of the present invention; 

FIG. 2 is a fragmentary perspective vieW shoWing a record 
ing status in the hologram recording and reproducing appa 
ratus of FIG. 1; 

FIG. 3 is a schematic plan vieW shoWing a Wave surface of 
a recording beam under the recording status shoWn in FIG. 2; 

FIG. 4 is a schematic diagram shoWing the optical detector 
for servo control and the servo controller shoWn in FIG. 1; 

FIG. 5 is a schematic diagram for explaining an operation 
of the hologram recording and reproducing apparatus of FIG. 
1; 

FIG. 6 is a schematic diagram for explaining an operation 
of the hologram recording and reproducing apparatus of FIG. 
1; 

FIG. 7 is a schematic plan vieW shoWing a Wave surface of 
a recording beam under a recording status in another embodi 
ment of the present invention; and 

FIG. 8 is a schematic diagram shoWing an optical detector 
for servo control and a servo controller according to the latter 
embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention Will noW be described in details, 
referring to the accompanying draWings. FIGS. 1 through 6 
are related to an embodiment of a hologram recording and 
reproducing apparatus according to the present invention. 
As shoWn in FIG. 1, the hologram recording and reproduc 

ing apparatus A according to a ?rst embodiment includes a 
light source 10, a collimator lens 11, a ?rst and a second beam 
splitter 12A, 12B, a recording beam modulating multi-seg 
ment mirror (pixel pattern generator) 13, a ?rst and a second 
splitting prism 14A, 14B, a N4 plate 15, a polarizing plate 16, 
a reference beam tWo-dimensional control mirror 17, an 
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4 
object lens 18, a beam splitter for splitting re?ected beam 
(re?ected beam splitter) 20, a condenser lens 21, a cylindrical 
lens 22, an optical detector 30 for reproduction signal con 
version, an optical detector 40 for servo control, and a servo 
controller. Other constituents not shoWn include a rotating 
mechanism that rotates a disk serving as a hologram record 
ing medium designated by B, a moving mechanism that 
moves an optical system including the object lens 18 in a 
radial direction of the hologram recording medium B. The 
rotating mechanism and the moving mechanism, as Well as 
the reference beam tWo-dimensional control mirror 17 and 
the object lens 18 are controlled by the servo controller 50. 
As is apparent from FIG. 2, the hologram recording 

medium B includes a base substrate layer 91, a ?rst dielectric 
layer 92, a hologram recording layer 93, a second dielectric 
layer 94, and a transparent substrate layer 95, stacked in this 
sequence. The hologram recording medium B includes a 
re?ection Zone 96 of an embossed pit shape, formed in 
advance along a track constituting a recording unit region in 
a circumferential direction, and such re?ection Zone 96 is the 
irradiation target of the recording beam and the reference 
beam. The re?ection Zone 96 includes an address region 
having a variation in Width so as to generate an address signal 
When recording or reproducing, and a recording region 96B 
aligned at regular intervals so as to generate a clock signal 
(CLOCK), and a multitude of such re?ection Zones is con 
tinuously disposed along the respective tracks. 
The light source 10 is constituted of for example a semi 

conductor laser device, Which emits a laser beam in a form of 
a highly interferential coherent light of a relatively narroW 
frequency band, When recording or reproducing. The colli 
mator lens 11 converts the laser beam emitted by the light 
source 10 into a parallel light. The laser beam output from the 
collimator lens 11 is led to the ?rst beam splitter 12A, Which 
splits the laser beam received into a recording beam directed 
to the recording beam modulating multi-segment mirror 13 
and a reference beam directed to the reference beam tWo 
dimensional control mirror 14 through a different optical 
path. 

The recording beam modulating multi-segment mirror 13 
is constituted of for example a deformable mirror device 
capable of modulating the beam for each pixel. The recording 
beam modulated by the recording beam modulating multi 
segment mirror 13 has a Wave surface as shoWn in FIGS. 2 and 
3. More speci?cally, the recording beam modulating multi 
segment mirror 13 forms a discretely distributed recording 
pixel pattern Pr on the Wave surface of the recording beam 
according to the information to be recorded, as Well as a servo 
pixel pattern (Whitened-out sections in the circle in FIGS. 2 
and 3) Ps on the same Wave surface, for executing a servo 
control, Where the servo pixel pattern has a predetermined 
con?guration and a predetermined position. As is apparent 
from FIG. 3, the servo pixel pattern Ps includes a ?rst segment 
Ps1 extending in a rotating direction F of the disk in a central 
region of the Wave surface, and a pair of second segments Ps2 
spaced from each other across the ?rst segment Ps1 so as to 
occupy a peripheral region of the Wave surface. The ?rst 
segment Ps1 is formed by a splitting mirror 1311 provided in a 
central portion of the recording beam modulating multi-seg 
ment mirror 13 When recording and reproducing, While the 
second segment Ps2 is formed by a peripheral portion of the 
recording beam modulating multi-segment mirror 13, Which 
is not blocked by the splitting mirror 13a, only When record 
ing. The recording pixel pattern Pr is formed on the Wave 
surface of the recording beam, in a region Within the servo 
pixel pattern Ps but except the ?rst segment Ps1 and the 
second segment Ps (i.e. region betWeen the ?rst segment Ps1 
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and the second segment Ps2) Here, the light corresponding to 
the ?rst segment Ps1 is incident upon the hologram recording 
medium B so as to slightly overstep the re?ection Zone 96. 

The ?rst and the second splitting prism 14A, 14B transmit 
a light out of the recording beam corresponding to the second 
segment Ps2 and the recording pixel pattern Pr recording 
beam as it is, but modulate a light corresponding to the ?rst 
segment Ps1 so as to grant su?icient poWer, and lead these 
lights to the second beam splitter 12B. The second beam 
splitter 12B leads, While directing the recording beam toWard 
the object lens 18, a light returning from the hologram record 
ing medium B through the object lens 18 (re?ected beam) to 
the re?ected beam splitter 20. The M4 plate 15 grants the 
transmitted light With a phase difference 313/ 2. The polariZing 
plate 16 is constituted of for example a N2 plate that grants 
the transmitted light With a phase difference at, and is disposed 
on the path of the light corresponding to the ?rst segment Ps1 
and the second segment Ps2. Under such con?guration, the 
light corresponding to the recording pixel pattern Pr and the 
light corresponding to the servo pixel pattern Ps are emitted 
onto the hologram recording medium B, mutually perpen 
dicularly polarized by the polariZing plate 16. Accordingly, 
the light corresponding to the recording pixel pattern Pr and 
the light corresponding to the servo pixel pattern Ps barely 
interfere With each other, on the hologram recording medium 
B. 

The reference beam tWo-dimensional control mirror 17 
re?ects the laser beam incident thereon to constitute the ref 
erence beam, so that the reference beam proceeds to the M 4 
plate 15 and the object lens 18. With such function, the ref 
erence beam tWo-dimensional control mirror 17 quickly 
changes the irradiation angle of the reference beam to the 
hologram recording medium B, With an action of a servo coil 
17a for tilt control based on a signal from the servo controller 
50. The object lens 18 converges the recording beam and the 
reference beam so as to irradiate the hologram recording 
medium B With these beams superposed on each other. The 
object lens 18 quickly adjusts the irradiation position of the 
reference beam and the recording beam With respect to the 
hologram recording medium B, With an action of a servo coil 
18a for track control and focus control based on a signal from 
the servo controller 50. With such function, the object lens 18 
transmits the re?ected beam from the hologram recording 
medium B toWard the second beam splitter 12B. 

The re?ected beam splitter 20 receives the re?ected beam 
from the hologram recording medium B, and splits the 
re?ected beam into a reproduction beam directed to the opti 
cal detector for reproduction signal conversion 30 so as to 
reproduce the recording pixel pattern Pr, and a servo beam 
directed to the optical detector for servo control 40 so as to 
reproduce the servo pixel pattern Ps. The reproduction beam 
is received by the optical detector for reproduction signal 
conversion 30 through the condenser lens 21. The servo beam 
is received by the optical detector for servo control 40 through 
the condenser lens 21 and the cylindrical lens 22. The optical 
detector for reproduction signal conversion 30 may be con 
stituted of a CCD sensor or a CMOS sensor. The optical 
detector for servo control 40 may be constituted of a PIN 
photodiode, Which is more responsive than the CCD sensor or 
the CMOS sensor. The servo controller 50 includes a hard 
Ware circuit, so as to perform the servo control based on a 
signal from the optical detector for servo control 40. 
More speci?cally, as shoWn in FIG. 4, the optical detector 

for servo control 40 includes a pair of ?rst split photodetectors 
41a, 41b that split the returning light Ps1' corresponding to 
the ?rst segment Ps1 into a forWard and a rear portion in a 
rotation direction F of the disk and receive the split light, a 
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6 
pair of second split photodetectors 42a, 42b that split the 
returning light Ps2' corresponding to the second segment Ps2 
into an outer and an inner portion in a radial direction of the 
disk and receive the split light, and a fourth split photodetec 
tors Sa to Sd that split the light re?ected by the re?ection Zone 
96 (re?ected light) Ps3' into four portions in the rotation 
direction F and the radial direction of the disk, and receive the 
split light. A signal from the ?rst split photodetectors 41a, 41b 
representing the amount of received light (detection signal) is 
input to a differential ampli?er 51 of the servo controller 50, 
and the differential ampli?er 51 outputs a signal indicating a 
difference in the amount of received light betWeen the ?rst 
split photodetectors 41a and 41b. When the amounts of light 
received by the ?rst split photodetectors 41a and 41b are 
different, the irradiation status of the reference beam With 
respect to the hologram recording medium B changes, such 
that the irradiation angle of the reference beam about an axis 
along a radial direction of the disk is biased from that at the 
time of recording (hereinafter, “tangential tilt”). To correct 
such tangential tilt, the servo controller 50 controls the servo 
coil for tilt control 1711 such that the reference beam for 
reproduction is emitted at the same irradiation angle as that at 
the time of recording, based on the signal output by the 
differential ampli?er 51. 
A signal from the second split photodetectors 42a, 42b 

representing the amount of received light is input to a differ 
ential ampli?er 52 of the servo controller 50, and the differ 
ential ampli?er 52 outputs a signal indicating a difference in 
the amount of received light betWeen the second split photo 
detectors 42a and 42b. When the amounts of light received by 
the second split photodetectors 42a and 42b are different, the 
irradiation status of the reference beam With respect to the 
hologram recording medium B changes, such that the irradia 
tion angle of the reference beam about an axis along a rotating 
direction F of the disk is biased from that at the time of 
recording (hereinafter, “radial tilt”). To correct such radial 
tilt, the servo controller 50 controls the servo coil for tilt 
control 1711 such that the reference beam for reproduction is 
emitted at the same irradiation angle as that at the time of 
recording, based on the signal output by the differential 
ampli?er 52. 

LikeWise, a signal from the ?rst split photodetectors 41a, 
41b representing the amount of received light is input to a 
differential ampli?er 53 of the servo controller 50, and the 
differential ampli?er 53 outputs a signal indicating a total of 
the amount of light received by the ?rst split photodetectors 
41a and 41b. The total amount of light received by the ?rst 
split photodetectors 41a and 41b is compared With a prede 
termined reference value, by the servo controller 50. When 
the total amount of the received light is beloW the predeter 
mined reference value, the servo controller 50 decides that the 
re?ected beam does not have a su?icient light amount, thus 
deciding that a reproduction error has arisen. 
A circuit that processes a signal from the fourth split pho 

todetectors Sa to Sd representing the amount of received light 
is con?gured as indicated by logical formulas shoWn in FIG. 
4. Speci?cally, With respect to the amount of light received by 
the tWo fourth split photodetectors Sa, Sc diagonally located 
and the amount of light received by the other tWo fourth split 
photodetectors Sb, Sd, a difference therebetWeen is obtained 
as a focus error signal (FES). Based on such focus error signal 
(PBS), the servo controller 50 controls the servo coil for focus 
control 18a. LikeWise, a difference in the amount of received 
light betWeen the tWo fourth split photodetectors Sa, Sd 
located on the same side in a radial direction of the disk, and 
betWeen the other tWo fourth split photodetectors Sb, Sc, is 
obtained as a track error signal (TES). Based on such track 
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error signal (TES), the servo controller 50 controls the servo 
coil for focus control 1811. Further, a difference in the amount 
of received light betWeen the tWo fourth split photodetectors 
Sa, Sb located on the same side in a rotating direction F of the 
disk, and betWeen the other tWo fourth split photodetectors 
Sc, Sd, is obtained as a clock signal (CLOCK). The clock 
signal (CLOCK) serves as a reference for setting an action 
timing for recording and reproducing. 

The folloWing passages cover an operation of the hologram 
recording and reproducing apparatus A. 
When recording a hologram on the hologram recording 

medium B, the recording beam carrying on its Wave surface 
the recording pixel pattern Pr and the servo pixel pattern Ps is 
emitted onto the re?ection Zone 96 set as the irradiation target, 
as shoWn in FIG. 2. Such positioning of the recording beam is 
controlled at real time based on the focus signal (PBS), the 
track signal (TES), and an address signal. When the recording 
beam is thus emitted, the reference beam (not shoWn in FIG. 
2) is emitted at a predetermined timing based on the clock 
signal (CLOCK), so as to be superposed on the recording 
beam at a predetermined angle. As a result, the hologram 
representing the recording pixel pattern Pr and the servo pixel 
pattern Ps is recorded on the hologram recording layer 93 of 
the hologram recording medium B. It is to be noted, hoWever, 
a portion of the light corresponding to the ?rst segment Ps1 of 
the servo pixel pattern Ps is re?ected by the re?ection Zone 96, 
and hence the hologram is not recorded on the region corre 
sponding to the re?ection Zone 96 in the hologram recording 
layer 93. Also, since the light corresponding to the recording 
pixel pattern Pr and the light corresponding to the servo pixel 
pattern Ps are mutually perpendicularly polariZed by the 
polarizing plate 16 and hence kept from interfering With each 
other, the hologram corresponding to the recording pixel 
pattern Pr and the hologram corresponding to the servo pixel 
pattern Ps are clearly distinguished. Consequently, the infor 
mation to be recorded can be securely recorded, represented 
by the hologram corresponding to the recording pixel pattern 
Pr. 
When reproducing the recorded information out of the 

hologram recording medium B on Which the hologram has 
been thus recorded, the reference beam is emitted While emit 
ting a light from the splitting mirror 13a to the re?ection Zone 
96 set as the irradiation target. The light from the splitting 
mirror 1311, Which is emitted as part of the recording beam for 
the focus control the track control at the time of recording, is 
utiliZed for the focus control the track control also at the time 
of reproduction. More speci?cally, providing the re?ected 
light Ps3' from the re?ection Zone 96 to the fourth split pho 
todetectors Sa to Sd leads to generation of the focus signal 
(PBS), the track signal (TES), and also the address signal. 
Based on these signals, the light from the splitting mirror 13a 
is accurately positioned on the re?ection Zone 96, and there 
fore the reference beam is also accurately positioned With 
respect to the re?ection Zone 96 When emitted. 

At this stage, the reference beam may be emitted in three 
patterns With a tangential tilt as shoWn in FIG. 5, as Well as in 
three patterns With a radial tilt as shoWn in FIG. 6. Here, the 
axis of the arroW in the respective draWings represents both 
the disk rotation direction F and the progress of time. The 
triangles draWn in solid lines schematically represent the 
status of the recorded hologram, While the triangles draWn in 
broken lines schematically represent the irradiation status of 
the reference beam. 

Referring to FIG. 5, correction of the tangential tilt Will be 
described. In the pattern of FIG. 5(a), the reference beam is 
superposed on the recorded hologram, at the same irradiation 
angle as that at the time of recording. When the reference 
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8 
beam is exactly superposed on the hologram (state shoWn in 
the center), the light Ps1' corresponding to the ?rst segment 
Ps1 is most intensely reproduced, so that the light Ps1' is 
detected by the ?rst split photodetectors 41a, 41b. In other 
Words, When the total of the amount of light received by the 
pair of ?rst split photodetectors 41a, 41b becomes equal to or 
greater than the reference value, a difference in the amount of 
received light received is detected. The difference at this stage 
is beloW the predetermined value, and actually close to Zero. 
Accordingly, the servo controller 50 decides that the refer 
ence beam is emitted Without the tangential tilt. Therefore, 
With respect to the pattern shoWn in FIG. 5(a), the reference 
beam is emitted at the same irradiation angle as that at the 
time of recording, Without being subjected to correction in the 
tangential tilt. 
On the other hand, in the patterns shoWn in FIGS. 5(b) and 

5(0), the reference beam is emitted to the recorded hologram 
at an irradiation angle different from that at the time of record 
ing. Under such state, the total amount of light received by the 
?rst split photodetectors 41a, 41b is equal to or greater than 
the reference value (state shoWn at the right of FIG. 5(b) and 
at the left of FIG. 5(0)), and hence the difference in the amount 
of received light is detected as a positive value (biased to the 
?rst split photodetector 41a as FIG. 5(b)), or a negative value 
(biased to the ?rst split photodetector 41b as FIG. 5(0)) 
greater than the predetermined value. Accordingly, the servo 
controller 50 detects the direction and the amount of the 
tangential tilt at real time based on the plus and minus sign 
and the absolute value of the difference in the amount of 
received light, and executes the correction thereof. Conse 
quently, With respect to the patterns shoWn in FIGS. 5(b) and 
5(0) also, the reference beam is subjected to the correction in 
the tangential tilt, so as to be emitted at a substantially same 
irradiation angle as that at the time of recording. 

Referring to FIG. 6, correction of the radial tilt Will be 
described. Here, it is to be assumed that the tangential tilt has 
not been incurred in any of the patterns shoWn in FIG. 6(a) 
(c). Accordingly, in the case of the radial tilt also, When the 
total amount of light received by the tWo ?rst split photode 
tectors 41a, 41b is equal to or greater than the reference value 
(state shoWn in the center in each of the patterns (a) to (c)), the 
difference in the amount of light received by the second split 
photodetectors 42a, 42b is detected. 

In the pattern of FIG. 6(b), the reference beam is super 
posed on the recorded hologram at the same irradiation angle 
as that at the time of recording. When the reference beam is 
exactly superposed on the hologram (state shoWn in the cen 
ter), the light Ps2' corresponding to the second segment Ps2 is 
most intensely reproduced, so that the light Ps2' is detected by 
the second split photodetectors 42a, 42b. In other Words, a 
difference in the amount of light received by the second split 
photodetectors 42a, 42b is detected. The difference at this 
stage is beloW the predetermined value, and actually close to 
Zero. Accordingly, the servo controller 50 decides that the 
reference beam is emitted Without the tangential tilt. There 
fore, With respect to the pattern shoWn in FIG. 6(b), the 
reference beam is emitted at the same irradiation angle as that 
at the time of recording, Without being subjected to correction 
in the radial tilt. 
On the other hand, in the patterns shoWn in FIGS. 6(a) and 

6(0), the reference beam is emitted to the recorded hologram 
at an irradiation angle different from that at the time of record 
ing. Under such state, a portion of the hologram does not 
overlap the reference beam (left periphery in FIG. 6(a), and 
right periphery in FIG. 6(c)), even When the total amount of 
light received by the ?rst split photodetectors 41a, 41b is 
equal to or greater than the reference value, and hence the 
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light Ps2' corresponding to the second segment Ps2 is par 
tially cut away. Accordingly, the difference in the amount of 
the light received by the second split photodetector 42a, 42b 
is detected as a negative value (biased to the second split 
photodetector 42b as FIG. 6(a)), or a positive value (biased to 
the second split photodetector 4211 as FIG. 6(0)) greater than 
the predetermined value. Therefore, the servo controller 50 
detects the direction and the amount of the tangential tilt at 
real time based on the plus and minus sign and the absolute 
value of the difference in the amount of received light, and 
executes the correction thereof. Consequently, With respect to 
the patterns shoWn in FIGS. 6(a) and 6(0) also, the reference 
beam is subjected to the correction in the radial tilt, so as to be 
emitted at a substantially same irradiation angle as that at the 
time of recording. 

To summarize, even though the reference beam incurs the 
tangential tilt or the radial tilt in the reproduction, the tilt is 
corrected at real time based on the light Ps1', Ps2' respectively 
corresponding to the ?rst segment Ps1 and the second seg 
ment Ps2. Therefore, the reproduction beam corresponding to 
the recording pixel pattern Pr generated at the time of record 
ing is detected out of the re?ected light by the optical detector 
for reproduction signal conversion 30, Which leads to cor 
rectly reading out the recorded information. 

Thus, the foregoing hologram recording and reproducing 
apparatus A corrects the tangential tilt and the radial tilt of the 
reference beam at real time at the time of reproduction, 
thereby assuring correct detection of the reproduction beam 
that contains the same pattern as the recording pixel pattern Pr 
generated at the time of recording, by the optical detector for 
reproduction signal conversion 30. Consequently, the holo 
gram recording and reproducing apparatus A permits accu 
rately reproducing the recorded information based on the 
hologram, Without incurring a reproduction error arising 
from the tangential tilt or the radial tilt. 

FIGS. 7 and 8 depict a hologram recording and reproduc 
ing apparatus according to another embodiment of the present 
invention. In these draWings, same or similar constituents to 
those of the foregoing embodiment are given the identical 
numeral, and description thereof Will be omitted. 

In this embodiment, as shoWn in FIG. 7, a simpli?ed con 
?rming pixel pattern Pv for examining the recording status is 
formed on the Wave surface of the recording beam modulated 
by the recording beam modulating multi-segment mirror 13, 
in addition to the recording pixel pattern Pr and the servo pixel 
pattern Ps. The simpli?ed con?rming pixel pattern Pv is 
formed in a region betWeen the ?rst segment Ps1 and the 
second segment Ps2 in the servo pixel pattern Ps, i.e. in a 
region constituted of a predetermined number of pixels cor 
responding to a central portion of the recording pixel pattern 
Pr. The simpli?ed con?rming pixel pattern Pv is generated at 
the time of recording by the recording beam modulating 
multi-segment mirror 13 together With the recording pixel 
pattern Pr, so that a hologram corresponding to the simpli?ed 
con?rming pixel pattern Pv included in the hologram corre 
sponding to the recording pixel pattern Pr, in the hologram 
recording layer 93 of the hologram recording medium B. In 
the simpli?ed con?rming pixel pattern Pv, the con?rming 
information of for example 1 bit is allocated to a segment 
containing at least four pixels, so as to form different segment 
patterns according to the information to be recorded. 

Also, the optical detector for servo control 40 includes a 
third split photodetectors 43A to 43D that split a returning 
light Pv' corresponding to the simpli?ed con?rming pixel 
pattern Pv into four portions, and receive the split light. Each 
detection signal from the third split photodetectors 43A to 
43D is decided by the servo controller 50 Whether matching 
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10 
With the signal corresponding to the con?rming information, 
and the servo controller 50 decides that a recording error has 
arisen When at least one detection signal is different from the 
signal corresponding to the con?rming information. When 
the recording error has arisen, the servo controller 50 controls 
the operation for example so as to record the hologram again 
in a different area. 

More speci?cally, When recording the hologram in the 
hologram recording medium B, the servo controller 50 
executes the control so as to record the hologram correspond 
ing to the recording pixel pattern Pr and the servo pixel pattern 
Ps, through a similar procedure to that of the foregoing 
embodiment, as Well as so as to record the hologram corre 
sponding to the simpli?ed con?rming pixel pattern Pv. 
Upon recording the hologram, the servo controller 50 

immediately executes the control so as to irradiate the holo 
gram recording medium B With the reference beam. At this 
stage, the light Pv' corresponding to the simpli?ed con?rming 
pixel pattern Pv is received by the third split photodetectors 
43A to 43D of the optical detector for servo control 40. 
Concurrently, the light Ps1' corresponding to the ?rst segment 
Ps1 is received by the ?rst split photodetectors 41a, 41b. The 
respective detection signals from the third split photodetec 
tors 43A to 43D are binariZed based on the total amount of 
light received by the ?rst split photodetectors 41a, 41b. When 
the signal thus binariZed is detected as being different from 
the con?rming information, the servo controller 50 instanta 
neously decides that a recording error has arisen. 
When the recording error has arisen, the servo controller 50 

looks for a substitute area that can serve as another recording 
area based on the address signal, and executes the control so 
as to record the hologram again in the substitute area. 

Consequently, the hologram recording and reproducing 
apparatus according to this embodiment is capable of quickly 
performing the con?rming operation at the time of recording, 
in addition to the correction of the radial tilt and the tangential 
tilt for reproduction, and thus suppressing emergence of the 
recording error. 

It is to be understood that the present invention is not 
limited to the foregoing embodiments. The hologram record 
ing and reproducing apparatus may be con?gured to detect 
only either of the radial tilt or the tangential tilt. The hologram 
recording medium may be a rectangular plate that can be 
translated, instead of a rotating disk. 

The invention claimed is: 
1. A hologram recording and reproducing apparatus in 

Which coherent light emitted by a light source is split into a 
recording beam and a reference beam, both beams being 
superposed on each other for recording a hologram on a 
hologram recording medium, the hologram recording 
medium being irradiated With the reference beam for repro 
ducing recorded information, the irradiation being corrected 
under a servo control, While a re?ected beam from the holo 
gram recording medium is detected With an optical detector 
for conversion of a reproduction signal, the apparatus com 
prising: 

an optical detector for servo control provided apart from 
the optical sensor for conversion of a reproduction sig 
nal; 

a pixel pattern generator that generates a recording pixel 
pattern and a servo pixel pattern on a Wave surface of the 
recording beam When recording the hologram on the 
hologram recording medium, the recording pixel pattern 
being discretely distributed and corresponding to infor 
mation to be recorded, the servo pixel pattern having a 
predetermined con?guration and position for servo con 
trol; 
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a re?ected beam splitter that splits the re?ected beam from 
the hologram recording medium into a reproduction 
beam and a servo beam, the reproduction beam directed 
to the optical detector for reproduction signal conversion 
to reproduce the recording pixel pattern, the servo beam 
being directed to the optical detector for servo control to 
reproduce the servo pixel pattern; and 

a servo controller that controls a tilting status of the refer 
ence beam With respect to the hologram recording 
medium, the control being based on an output signal 
from the optical detector for servo control. 

2. The hologram recording and reproducing apparatus 
according to claim 1, Wherein the hologram recording 
medium is a rotating disk to be rotated, and Wherein the servo 
pixel pattern includes at least one of a ?rst segment and paired 
second segments, the ?rst segment being of a stripe pattern 
extending in a direction of the disk rotation in a central region 
of the Wave surface, the second segments being spaced from 
each other across the ?rst segment to occupy a peripheral 
region of the Wave surface, the recording pixel pattern being 
formed in a remaining region on the Wave surface Where the 
servo pixel pattern is absent. 

3. The hologram recording and reproducing apparatus 
according to claim 2, Wherein the optical detector for servo 
control includes a pair of ?rst split photodetectors for splitting 
the light corresponding to the ?rst segment into tWo portions 
and respectively receiving the tWo portions, and Wherein the 
servo controller detects the tilt of the reference beam With 
respect to the hologram recording medium about an axis 
along a radial direction of the disk, the detection of the tilt 
being based on a difference in light received by the respective 
?rst split photodetectors. 

4. The hologram recording and reproducing apparatus 
according to claim 3, Wherein the servo controller compares a 
total amount of the light received by the ?rst split photode 
tectors With a predetermined reference value, to decide a 
reproduction error based on the comparison result. 
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5. The hologram recording and reproducing apparatus 

according to claim 2, Wherein the optical detector for servo 
control includes a pair of second split photodetectors for 
splitting light corresponding to the paired second segments 
into tWo portions and respectively receiving the tWo portions, 
and Wherein the servo controller detects the tilt of the refer 
ence beam With respect to the hologram recording medium 
about an axis along a rotating direction of the disk, the detec 
tion of the tilt being based on a difference in light received by 
the second split photodetectors. 

6. The hologram recording and reproducing apparatus 
according to claim 1, Wherein the pixel pattern generator 
generates a con?rming pixel pattern on the Wave surface of 
the recording beam for examining a recording status, in addi 
tion to the recording pixel pattern and the servo pixel pattern, 
Wherein the optical detector for servo control includes a third 
split photodetector for splitting and receiving light corre 
sponding to the con?rming pixel pattern, and Wherein the 
servo controller decides a recording error based on a detection 
signal from the third split photodetector. 

7. The hologram recording and reproducing apparatus 
according to claim 1, Wherein the hologram recording 
medium is a rotating disk including a re?ection Zone formed 
along the track, Wherein the optical detector for servo control 
includes a fourth split photodetector for splitting light 
re?ected by the re?ection Zone into four portions and receiv 
ing the four portions, and Wherein the servo controller 
executes a track control and a focus control based on a detec 
tion signal from the fourth split photodetector. 

8. The hologram recording and reproducing apparatus 
according to claim 1, further comprising a polariZer that 
polariZes light corresponding to the recording pixel pattern 
and light corresponding to the servo pixel pattern in a mutu 
ally perpendicular direction. 


